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Catalytic membrane reactors (CMRSs) are considered a significant development direction in the
capture and utilization of COa. It couples catalytic and separation processes in a single unit
operation, enabling real-time separation of reaction products. Conventional metal nanoparticle
catalysts (based on Fe, Ni, etc.) tend to have high activity in CMRs, whereas the poor thermal
stability of nanoparticles will result in particle sintering and deactivation problems upon high-
temperature annealing (>700 °C). These issues have severely limited the development of
CMRs.
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Our recent work provided a new concept for designing a perovskite catalytic membrane reactor
to balance stability and activity. In this reactor, homologous Sro.oFeo.s1Tao.0oNio.1O3-5 (SFTN)
perovskite oxides were used as metal particle carriers. The population, distribution and size of
nanoparticles can be controlled by manipulating the reduction temperature and time. After
reduction at 850 °C for 2 h, the FeNi alloy nanoparticles were grown in-situ from the SFTN and
uniformly anchored on the surface, with a size limit of about 50 nm. The four-channel hollow
fiber CMRs constructed with this catalyst show superior catalytic activity over the fixed-bed
reactor for the partial oxidation of methane to produce syngas. The methane conversion, carbon
monoxide selectivity and hydrogen selectivity are 98%, 97% and 98%, respectively, while the
hydrogen/carbon monoxide ratio was 2.2. The newly developed FeNi/SFTN catalyst combines
high stability against agglomeration and poisoning with high activity. Benefiting from the constant
removal of oxygen from the membrane surface, these advantages of catalyst are amplified in
membrane reactors, which in turn effectively inhibit its excessive exsolution/dissolution.
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